In the present study, calix [4] arene and its derivate 25,27-di(4-nitrobenzyl)-26,28-dihydroxycalix[4]arene were irradiated for 72 hours by 60 Co gamma rays at dose rate of 0.720 kGy/h. These irradiated samples were analyzed by EPR method and it was found that one type of radical was produced in calix[4]arene, and two type of radicals were produced in 25,27-di(4-nitrobenzyl)-26,28-dihydroxycalix[4]arene. The measurements were performed in the temperature range of 273-400 K using x-band EPR spectrometer. It was observed that the spectra, obtained from two samples, have very weak temperature dependence. Hyperfine and g parameters were calculated for two samples.
Introduction
Calixarenes composed of aromatic rings and phenolic hydroxyl groups are used as the hosts of inclusion compounds [1] . These compounds, appropriately designed, have exhibited a large variety of functions, such as selective complexing agents for metal ions and catalysts [2] . Calixarenes are macrocycles with a high degree of preorganization. Macrocycles based upon calix [4] arenes have been utilized as effective frameworks [3, 4] . In such macrocycles, four triphenylmethyl radicals are connected in the chain formed by cross-conjugated p-systems in the cycle in which the radicals are coupled through mphenylene [5] [6] [7] .
It is known that irradiation changes a number of physical and chemical properties of the materials, such as electrical resistivity, magnetic susceptibility. The irradiationinduced materials may be used in new research fields, such as biosensors and electronic devices. Therefore, it is important to identify radical structures produced by irradiation. EPR is a powerful spectroscopic method for detecting radicals in the materials [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . In this study, Calix [4] arene, labeled calix [4] arene (1) , and 25,27-di(4-nitrobenzyl)-26,28-dihydroxycalix [4] arene, labeled calix [4] arene(2), were exposed to gamma rays and then radical structures of these calix [4] arenes were evaluated by EPR method.
Materials and methods
All solvents and compounds were commercially graded reagents and they were used without further * corresponding author; e-mail: yceylan@selcuk.edu.tr purification. Melting points were measured using an Electrothermal IA9100 digital melting point apparatus in capillaries sealed under nitrogen. 1H NMR spectra were referenced to tetramethylsilane (TMS) at 0.00 ppm as internal standard solution and recorded at room temperature (25±1
• C) using a Bruker 400 MHz spectrometer. IR spectra were recorded by a Mattson 1000 FTIR spectrometer. UV-vis spectra were obtained using a Shimadzu 1601 UV-Visible recording spectrophotometer. The EPR spectra were recorded by using Bruker EMX 081 spectrometer (x-band, Germany)
Preparation of the ligand
p-tert-Butylcalix [4] arene and calix [4] arene(1) were synthesized as described in the literature [19, 20] .
Synthesis of 25,27-di(4-nitrobenzyl)-26,28-dihydroxycalix[4]arene(2) [21]
A mixture of p-tert-butylcalix [4] arene (5.0 g, 11.79 mmol), anhydrous K 2 CO 3 (1.85 g, 13.45 mmol) and pnitrobenzyl bromide (5.06 g, 23.442 mmol) in CH 3 CN (80 ml) was refluxed for 20 h. The solvent was removed under reduced pressure. The mixture was treated with CH 3 Cl (100 ml) and filtered. The filtrate was concentrated under reduced pressure (20 ml). Then CH 3 OH (50 ml) was added and the pale white crystals appeared gradually. After a few hours the crystals were vacuum filtered and washed with cold methanol to give 4.5 g (90.0%) of the pure compound 1. 
EPR measurements
The polycrystal forms of the calix [4] arene(1) and calix [4] arene(2) samples were produced by slow evaporation of ethyl acetate concentrated solutions. These samples were irradiated for 72 hours by 60 Co γ-ray source with dose rate of 0.720 kGy/hour. The spectrometer was set as follows: the microwave power was 2 mW, the modulation frequency was 100 kHz. The temperature measurements were performed between 273 K and 400 K using temperature control unit of the spectrometer.
Results and discussion
Calix [4] arene(1) and calix [4] arene(2) samples were irradiated for 72 hours to compare the structural changes. The spectra were recorded in the temperature range of 273-400 K. The numbers and the intensity values of the lines in the spectra of calix [4] arene(1) and calix [4] arene(2) did not change with increasing temperature (Fig. 1) .
Fig. 1. EPR line at 273 K (a), 400 K (b) for calix[4]arene(1) (A) and calix[4]arene(2) (B).
If the spectra and the molecular structure of calix [4] arene(1) are taken into account, it is seen that one unpaired electron was produced by scission of O-H bond and the electron is localized on oxygen atom and interacts with hydrogen atom. Hence, the spectrum was split to 1:1 intensity ratios. The recorded spectra from calix [4] arene(2) are quite complex, and were deeply analyzed. Two lines and an additional small line in the side of spectrum of calix [4] arene (2) were observed. It was found that there are different distances between the two lines and the side line. From this we have inferred that two radicals were created. First unpaired electron was produced by scission of O-H bond. The unpaired electron is localized on oxygen atom and interacts with hydrogen atom. Hence, the spectrum was split to 1:1 intensity ratios. Another unpaired electron was produced by removal of one electron from the paired electrons on the nitrogen atom. It is localized on the nitrogen atom. Interaction of these calix [4] arene samples with gamma rays was explained as shown in Fig. 2 . The radical in calix [4] arene(1) was labeled by R; the radicals on calix [4] arene(2) were labeled by RI and RII (Fig. 2) . These results were also verified by computer simulations (Fig. 3) . The EPR parameters of these radical structures are shown in Table I .
In additional, unpaired electron concentrations (number of unpaired spins per gram) were calculated for calix [4] arene(1) and calix [4] arene (2) (Fig. 4) . Figure 4 shows that although the unpaired electron concentration in calix [4] arene(2) had the smallest value at room temperature, it increased rapidly above the room temperature. The unpaired electron concentration in calix [4] arene (1) was stable against the temperature.
For the purpose of determining the stability of the radicals, EPR measurements were performed at regular intervals for two days. The obtained results show that the radical structures in calix [4] arene(1) and calix [4] arene (2) are stable. Also, it was observed that the color of the irradiated calix [4] arene(2) had changed from white to yellow at room temperature, but the color of the irradiated calix [4] arene(1) did not change. 
Conclusions
One type of radical was produced in calix [4] arene labeled calix [4] arene(1), two types of radicals were produced in 25,27-di(4-nitrobenzyl)-26,28-dihydroxycalix [4] arene labeled calix [4] arene (2) . The EPR spectra were recorded in the temperature range of 273-400 K. The numbers and the intensity values of the lines in the spectra of calix [4] arene(1) and calix [4] arene (2) did not change with the increasing temperature (273-400 K). It was also observed that the color of the irradiated calix [4] arene (2) has changed from white to yellow at room temperature, but the color of the irradiated calix [4] arene(1) did not change. According to the results obtained from analysis of the spectra, it can be said that calix [4] arene derivatives are less resistant to irradiation. We hope that the present study on characterization of the calix [4] arenes [22] will develop new research fields in chemistry, physics, etc.
